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clinically significant is not apparent on the basis of our study.
Several groups are now reporting nonresective strategies
to preserve leaflet tissue and restore good leaflet coaptation
and mobility.6,13,14 This study confirms that replacing the
ruptured chordae with artificial ePTFE sutures would restore
physiologic function of the valve without disturbing the na-
tive leaflet structure. Replacing the ruptured chordae with
a single ePTFE loop not only eliminated regurgitation as ef-
ficiently as the standard resection procedures but also re-
stored leaflet coaptation length to physiologic levels, with
excellent mobility of the posterior leaflet.
Neochordoplasty, as performed in this study, seemed to
have a benefit over leaflet resection in acute leaflet prolapse
without leaflet distention. In this study, two pairs of neo-
chordae equally distributed between the two papillary mus-
cles were used. From each pair of chordae from the same
papillary muscle head, one pair supported the free edge of
the prolapsing segment and the other supported the segment
1 cm laterally away from the free edge. Such a chordal dis-
tribution was effective in our studies, but it remains unclear
whether there is an ‘‘optimal’’ positioning of neochordae,
other than to avoid crossing native chordae. We did not
use resection with correction of leaflet prolapse by chordal
transfer. This represents another alternative surgical strat-
egy that may be beneficial in the setting of minimal leaflet
distention.
Limitations
Any clinical implications of this model must be stated cir-
cumspectly. First, this study is an acute case of leaflet pro-
lapse resulting from isolated chordal rupture without any
annular or leaflet pathologic change(s). Clearly, we used mi-
tral valves with normal function and tissue properties, which
did not take into account any pre-existing patient diseases
(eg, bacterial endocarditis) that may affect the choice of mi-
tral valve repair. In the chronic state, myxoid changes in the
leaflet tissue and leaflet distention are typically observed and
resection procedures have been successfully used in repair-
ing such valves. In this study, the neochordal length was de-
termined with the valve closed, but ideally such an exact
measurement is impossible in the clinical setting owing to
ventricular motion and movement of the papillary muscles
caused by contraction. One other limitation is the use of
the same valve preparation for all experimental groups,
which dictated the order of repair procedures.
In summary, this study emphasizes the importance of leaf-
let preservation15-17 in repairing leaflet prolapse in otherwise
normal leaflet segments. It suggests that either nonresective
resuspension of the leaflet margin or limited triangular resec-
tion is preferable to quadrangular resection.
We thank Holifield farms of Covington, Georgia, for generously
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Discussion
DrGus J. Vlahakes (Boston, Mass). This study comes from two
institutions that have considerable experience with both clinical mi-
tral valve reconstruction surgery and fluid dynamics with respect to
the mitral valve and a long history of work in this area. I have a cou-
ple of questions that have to do in part with the model and how the
model is set up and, second, with potential interpretation.
In the single-frame picture you show of the echocardiogram, the
valve apparatus appears to be slightly apically tethered; in other
words, the coaptation surface seems to be displaced a little bit further
into what would be the ventricle. When you set the apparatus up,
how do you determine the initial position of the papillary muscles?
Dr Padala. In 1997 we published a paper in Circulationwith Dr
Bob Levine in which we looked at echocardiograms to find the re-
lationship between the mitral annular plane and the papillary mus-
cle tips in normal subjects. We used those measurements to set thergery c August 2009
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simulator as used in that study.
Dr Vlahakes. Second, in the porcine valve, what is the nature of
the anatomy of the posterior leaflet? Does it have partial clefts or
a scallop?type design that you might see in humans, or is it a contin-
uous sheet of tissue?
Dr Padala. It is a continuous sheet of tissue, but you can see that
the P2 is definitely much larger than the P1 and the P3. The anat-
omy is comparable with that seen in humans.
Dr Vlahakes. One area that I think is potentially missing from
the analysis, which may explain some of your findings, is the inter-
vention on the annulus. When you said you introduced some annu-
lar compression, exactly what did you mean? Did you change the
annular size? Did you change the relationship between the annulus
subtending the anterior leaflet versus the posterior leaflet? I think
this might potentially have had considerable influence on your ul-
timate findings.
DrPadala.Weperformed annular plication using a compression
stitch, keeping the annular size constant.
Dr Alain F. Carpentier (Paris, France). I think this study is
very interesting because it does carry on a message that I would
like to point out, which is the fact that leaflet tissue should not be
resected if there is no excess tissue. There is a misunderstanding
in this regard—not in this study, but usually—which is to believe
that leaflet resection should be always done. That is my first
comment.
My second comment is that there is an alternative to neochordal
replacement, that is, chordal transposition. Particularly from the
basal chordae, you can transfer them to the margin, which is an eas-
ier technique and a more elegant technique using living material.
Have you tried this technique?
Dr Padala.Yes. The next study that we are embarking on now is
to combine neochordoplasty and chordal translocation and see
whether there is a difference between the two. If there is no differ-
ence—I am not a surgeon, but surgical chordal translocation may
be an easier procedure.
Dr Craig R. Smith (New York, NY). Just so I understand what
you actually did, in 8 valves, you did the three repair techniques se-
quentially in the same valve. Am I right?
Dr Padala. Yes.
Dr Smith. That would seem to me to introduce a bias in favor of
the first repair technique.
Dr Padala. It does not really bias toward the first procedure be-
cause of the sequence in which we chose the repair procedures. In
the first one we did neochordoplasty. In the second one, when we
did the triangular resection, the part of the posterior leaflet that
had neochordae was removed and encompassed the triangular
resection.The Journal of Thoracic and CDr Smith. I understand that. It all sounds very neat. It is just hard
for me to imagine that it is always quite so neat.
Dr Padala. Okay.
Dr Smith. My second question has to do with Dr Vlahakes’
question about the annular compression technique. I am still not
clear exactly how that was done. I think many of us would argue
that the posterior leaflet looks restricted and coaptation appears lim-
ited when you get through doing the reconstruction with a quadran-
gular resection or a triangular resection. It is frequently not until
you put in the ring that coaptation improves. I think it might depend
importantly on exactly what you did in that step.
Dr Padala. For the annular compression, when I removed the P2
part of the leaflet, the annulus, which was present at that particular
segment, was just plicated outward and sutured onto the silicone
annulus that we used in this model.
Dr Smith. I would argue that that is the least effective way to
preserve coaptation across the whole length of the posterior leaflet.
Dr Marc R. Moon (St. Louis, Mo). It always seemed important
to me to decrease the stress on the posterior leaflet because that is
probably what makes the chorda rupture in the first place. The neo-
chordal technique would not relieve that stress. I suspect you would
leave them with the same stress?loaded posterior leaflet. How do
you feel about that in regard to the need for the annuloplasty, and
did you consider doing this without an annuloplasty?
Dr Padala. In this particular study, the silicone annulus that we
have made into an annuloplasty ring is actually the annulus. We
have not implanted any annuloplasty rings that are commercially
available. I guess there are other ways of reducing stress on the
chordae and also on the posterior leaflet by probably choosing a dif-
ferent type or shape of annuloplasty ring, but I really cannot com-
ment on that right now because I have not studied that.
DrAdams. If I canmake one final comment about the study, this
was not a study trying to differentiate or condemn posterior leaflet
resection, which, frankly, has the longest, most credible results in
terms of durability, whether you look at freedom from reoperation
or recurrence of mitral regurgitation. I think the emphasis is on the
specific subgroup in which you have minimal leaflet distention.
And, as Dr Carpentier said, there is a misunderstanding that all leaf-
lets should be resected. What we hoped to show in this first study
was that that is not the case in the setting of an otherwise normal
segment that has acute prolapse.
Craig, I think your points about annuloplasty are well taken.
When you start to take out more tissue, clearly the annuloplasty
does several things. One of them is stabilizing the repair and remov-
ing tension, but it also improves the coaptation lengths. I think you
are absolutely right.
I am not sure that was going to affect this particular study very
much because the resections were very limited.ardiovascular Surgery c Volume 138, Number 2 315
